Aim: Real-life studies are needed to confirm the clinical relevance of findings from randomised controlled trials (RCTs). This study aimed to assess the effectiveness and tolerability of vildagliptin add-on vs. other oral antihyperglycaemic drugs (OADs) added to OAD monotherapy in a real-life setting, and to explore the advantages and limitations of large-scale 'pragmatic' trials. Methods: EDGE was a prospective, 1-year, worldwide, real-life observational study in which 2957 physicians reported on the effects of second-line OADs in 45,868 patients with T2DM not reaching glycaemic targets with monotherapy. Physicians could add any OAD, and patients entered either vildagliptin or (pooled) comparator cohort. The primary effectiveness and tolerability end-point (PEP) evaluated proportions of patients decreasing HbA 1c > 0.3%, without hypoglycaemia, weight gain, peripheral oedema or gastrointestinal side effects. The most clinically relevant secondary endpoint (SEP 3) was attainment of end-point HbA 1c < 7% without hypoglycaemia or ≥ 3% increase in body weight. Results: In this large group of T2DM patients, a second OAD was added at mean HbA 1c of 8.2 AE 1.3%, with no baseline HbA 1c difference between cohorts. Second-line OAD therapy attained the PEP in the majority of patients, with higher attainment in those prescribed a vildagliptinbased regimen. The adjusted odds ratio was 1.49 (95% CI: 1.42, 1.55; p < 0.001). In patients with baseline HbA 1c ≥ 7%, SEP 3 was achieved by 35% of patients on a vildagliptin-based combination and by 23% of those receiving comparator combinations. The adjusted odds ratio was 1.96 (95% CI: 1.85, 2.07; p < 0.001). Safety events were reported infrequently and safety profiles of vildagliptin and other OADs were consistent with previous data. Conclusion: EDGE demonstrates that in a 'real-life' setting, vildagliptin as second OAD can lower HbA 1c to target without well-recognised OAD side effects, more frequently than comparator OADs. In addition, EDGE illustrates that conducting large-scale, prospective, real-life studies poses challenges but yields valuable clinical information complementary to RCTs.
What's known
Randomised controlled clinical trials (RCTs) have established that vildagliptin is efficacious and well tolerated when used as second-line therapy in patients with inadequate glycaemic control while receiving monotherapy with other oral agents (or insulin). For example, when added to metformin, vildagliptin lowers HbA 1c by approximately 1% and has similar or more favourable safety and tolerability profiles as/than comparator agents. While RCTs have strong internal validity, the external validity (generalisability) of such findings requires a large non-interventional study.
What's new
The present prospective, 1-year, worldwide, observational study of more than 45,000 patients seen in normal clinical practice demonstrated that vildagliptin was highly effective and well tolerated, thus confirming results from a host of RCTs. Conduct of this study was challenging because of the large number of physicians involved and because of the observational nature of the study (open label, not randomised). Furthermore, although no incentive was offered, and physicians were to select the second-line oral therapy for patients prior to enrolling them in the study, the new agent, vildagliptin, was overrepresented by approximately
Introduction
Type 2 diabetes mellitus (T2DM) is a progressive disease, for which combination therapies of diverse glucose-lowering drugs in addition to lifestyle interventions are needed to keep patients in good glycaemic control (1) . This requires early recognition of failure of first-line therapy in order to keep HbA 1c within boundaries suggested by guidelines (1) and prevent long-term complications, as shown by the United Kingdom Prospective Diabetes Study (UKPDS) (2) (3) (4) . The recent American Diabetes Association/European Association for the Study of Diabetes position statement suggests that choices should be made on the basis of effectiveness, tolerability, longterm safety, cost and patients' preferences, needs and values (1) . However, most efficacy and tolerability data arise from randomised controlled clinical trials (RCTs) that are criticised as not representing real clinical life, where the profile of the patient rather than a random choice will trigger the selection of the second-line therapy.
Despite the scientific rigour with which RCTs must be conducted, or perhaps because of such rigour, RCTs provide limited useful information about the effectiveness of a drug in the real world. Accordingly, there is an increasing call for pragmatic trials (5-7), conducted in a real-world setting, without stringent inclusion/exclusion criteria and other properties that limit generalisability of results. The present report describes a prospective, 1-year, reallife observational study conducted globally on the effectiveness and tolerability of the dipeptidyl peptidase-IV (DPP-4) inhibitor, vildagliptin, added to monotherapy with an oral antidiabetes drug (OAD), compared with any two-OAD combinations without any DPP-4 inhibitor (pooled). Physicians were invited to enrol patients with T2DM not reaching desired glucose control using one OAD at the moment when a second glucose-lowering agent was considered. Data were collected at baseline (BL) and at any time point in the next 12 months, with a required reporting at 12 months.
This large-scale real-life study sought to assess effectiveness (HbA 1c lowering of > 0.3%) and tolerability [absence of oedema, hypoglycaemia, significant body weight increase (≥ 5%) or discontinuation because of gastrointestinal side effects] of vildagliptin combinations vs. all other OAD two-agent combinations. EDGE also aimed to explore the advantages and limitations of large real-life studies.
Methods

Study design
EDGE (Effectiveness of Diabetes control with vildaGliptin and vildagliptin/mEtformin) was a 1-year, prospective, observational cohort study including 45,868 patients from 2957 centres in 27 countries from Europe, Central and Latin America, Asia and Middle East (Table S1) Adult patients (aged > 18 years) with T2DM and inadequate glycaemic control while receiving OAD monotherapy with a sulphonylurea (SU), metformin, thiazolidinedione (TZD), glinide, or a-glucosidase inhibitor (AGI), and for whom a second OAD was considered were eligible. Patients who were planned to initiate a DPP-4 inhibitor other than vildagliptin, or an incretin mimetic/analogue, or who required three or more OADs at study entry were excluded, as were patients changed from one OAD or OAD class to another at the time of study entry. Patients who were using insulin at the time of study entry and patients with a history of hypersensitivity to any of the study drugs or drugs of similar chemical classes were excluded.
Participants were required to provide written or oral informed consent (per country regulations) to have data collected and agree to follow all local medication labelling or prescribing requirements of their new OAD. Physicians chose glucose-lowering treatment for their patients at their discretion. To ensure non-interventional status, patient enrolment was agreed after the treatment decision was made. Suitable patients fell into one of two cohorts (vildagliptin or comparator). The term index therapy is used to represent the combination treatment initiated at enrolment. For any index therapy, a fixed dose combination, when available, was allowed.
Data collection
Demography (age, gender, race, height, ethnicity), body weight, medical history, creatinine to estimate the glomerular filtration rate (GFR) by the modification of Diet in Renal Disease (MDRD) method (8) , date of diagnosis of T2DM, antidiabetes medications taken prior to study entry, newly initiated add-on OAD (second component of index medication), other medications (by class), most recent HbA 1c test date and result, and any other laboratory test dates and results were collected at BL during a routine office visit. After 12 months, the final data collected included body weight, changes to newly initiated index OAD, most recent HbA 1c test data and result, other laboratory test dates and results, adverse events (AEs) and serious AEs (SAEs) and study completion status. Interim assessments could occur at any time between BL and final study data collection, or early termination. Laboratory testing was performed on patients in line with normal medical practice and/or as defined by local prescribing information and/or at a time period judged appropriate by the physician. Because of the 'real-world' nature of the study, central laboratories were not used.
In keeping with the non-interventional observational design employed, monitoring was conducted only at centres with high enrolment (~5% of centres). However, physicians were requested to maintain source documents for each patient, including signed informed consent forms.
Effectiveness and tolerability end-points
Combined end-points, weighing effectiveness and tolerability were considered. The primary end-point (PEP) was defined as the proportion of patients having a treatment response (as defined by regulatory 
Secondary effectiveness end-points
There were three SEPs, listed below. SEP 1: treatment response without any of the following tolerability findings; peripheral oedema, hypoglycaemic event, discontinuation because of GI event, or weight gain ≥ 3% at 12 months; SEP 2: treatment response without ≥ 3% weight gain at 12 months or hypoglycaemic event; SEP 3: in patients with BL HbA 1c ≥ 7.0%, attainment of target HbA 1c level of < 7.0% at month 12 end-point, without ≥ 3% weight gain at 12 months or hypoglycaemic event.
Secondary safety end-points
This study also aimed to assess the safety profile of vildagliptin add-on dual therapy and the fixed dose combination of vildagliptin/metformin relative to comparator OAD dual therapy in a real-world setting with a focus on identified and potential risks described in the vildagliptin risk management plan. Specific attention was also given to hepatic safety under the supervision of an external vildagliptin Hepatic Adjudication Committee.
Sample size/power calculation
The sample size was calculated as driven by the critical secondary objective of SAE profile, which requires a very large sample size, and was also assessed for adequacy for the primary objective of treatment response. The overall sample size required to detect at least a two-fold increased risk of SAEs occurring with a frequency of ≥ 1/1000 person-years with a power of ≥ 80% (two-sided a set at 0.05) would be 23,511 patients followed up for 12 months in each cohort. Actual enrolment into the study was not balanced, with approximately two patients accrued in the vildagliptin cohort for every patient in comparison cohort (2 : 1 ratio). The proportion of responders (percentage of patients experiencing HbA 1c decrease of more than 0.3%) was assumed to be in the range of 50-60%, based on prior clinical study data. Power for detecting a treatment response was assessed considering the 2 : 1 ratio between cohorts, with 45,000 subjects, to be about 51%, 85% and 97%, respectively, for a true difference of 1%, 1.5% and 2%, respectively.
Analysis of primary and secondary effectiveness and tolerability end-points
The probability of success was analysed using a multivariable logistic regression model to calculate ORs with 95% confidence intervals (CIs). The covariates used were BL HbA 1c , BL BMI, race, region, age, gender, duration of T2DM, background OAD at study entry and 'patient type' (determined by underlying or comorbid conditions). The OR expresses odds in favour of success with vildagliptin or vildagliptin/metformin relative to odds in favour of success with comparator OADs. Propensity score (PS) methodology was used to overcome the potential of imbalance in the distribution of observed (and unobserved) covariates between the vildagliptin add-on dual therapy or vildagliptin/metformin arm and the comparator OAD dual therapy arm (13, 14) . The OR per se is unaffected by imbalances in sample size. Accordingly, the adjusted OR is an unbiased estimate of treatment effect not affected by difference in covariate or difference in allocation. The selection of confounders/covariates was based on clinical judgment, with input from the Steering Committee and statistical inference. Statistical tests were kept at a minimum to avoid multiplicity, and were predefined in the protocol.
Additional analyses
Blood HbA 1c levels were measured during clinic visits at the discretion of the physician, and these data were summarised by time window. The changes from BL to end of study in HbA 1c and body weight were also calculated, although statistical significance between cohorts was not assessed.
Ethics
The protocol for EDGE was approved by all local Independent Review Boards (IRBs) or Ethics Committees.
Results
Patient populations and baseline characteristics
Patients in whom it was not possible to retrieve adequate source documentation for the informed consent were excluded from the analysis. Thus, the There were also clear imbalances between cohorts in baseline BMI (higher in vildagliptin than comparator cohort) and race, with vildagliptin cohort more predominantly Caucasian and comparator cohort more predominantly Asian. Such differences suggest that these factors influenced the physicians' choice of second-line therapy.
Mean duration of diabetes was 5.5 AE 5.3 years, with 58.4% of patients having diabetes diagnosis less than 5 years prior to study, but also 15.2% having greater than 10 years disease duration. Some grade of renal impairment was present in 50.9% of patients, predominantly categorised as mild. The vast majority of participants had one or more underlying or comorbid conditions, the most common being cardiovascular disease which was present in a slightly higher percentage of the vildagliptin than comparator cohort (75.5% vs. 69.9%). All other reported underlying conditions were present in fewer than 10% of patients in either cohort, but again, the prevalence was slightly higher in vildagliptin than comparator cohort. *The enrolled population includes all patients who gave documented informed consent.
†The Intent-to-treat (ITT) population is a subset of the enrolled population and includes all patients who were assigned to new treatment at study start. Sites and/or patients identified with quality and compliance findings, irregular data were excluded from the ITT analysis population. ‡The per protocol (PP) population is a subset of the ITT population. The PP population was used for the analyses of effectiveness endpoints. Patients with the following deviations at baseline assessment were excluded from the per protocol population:
• patients receiving DPP-4 inhibitors at baseline or within 1 month prior to baseline;
• patients receiving GLP-1 mimetics/analogues at baseline or within 1 month prior to baseline; patients receiving insulin at baseline;
• patients receiving only newly initiated monotherapy or more than two oral antidiabetic medications at baseline; • drug-naive patients at baseline (patients not taking any diabetic medication prior to baseline);
• patients who swapped from one oral antidiabetic medication or class to another at baseline; • patients receiving investigational drug at baseline or 30 days prior to baseline or 5 half-lives prior to baseline;
• patients receiving more than one oral antidiabetic medication prior to baseline. Primary and secondary end-points Figure 1 illustrates HbA 1c time course in both cohorts, with final HbA 1c changes at 12 months of À1.19% (95% CI: À1.21%, À1.18%) in vildagliptintreated patients and À0.99% (95% CI: À1.01%, À0.97%) in comparator-treated patients (analysis not prespecified in protocol). Baseline body weight (mean AE SEM) was 81.4 AE 0.5 kg in the vildagliptin cohort and 77.9 AE 0.1 kg in the comparator cohort. The change from BL to end-point in body weight was À1.6 AE 0.03 kg with vildagliptin, and À0.3 AE 0.03 kg with comparator. Table S4 summarises AEs that occurred during study, listed by primary system organ class (SOC). The percentage of patients with any reported AE in any SOC was similar in vildagliptin (5.3%) and comparator cohorts (5.7%). The most affected categories per standardised MedDRA queries (broad search) were gastrointestinal non-specific inflammation and dysfunctional conditions (1.3% with vildagliptin, 1.16% with comparator), hyperglycaemia/new onset diabetes mellitus (0.53% with vildagliptin, 1.60% with comparator) and acute pancreatitis (0.65% with vildagliptin, 0.44% with comparator). Table S5 summarises SAEs. Overall, 178 cases were reported in the vildagliptin cohort (0.63%) and 65 in comparator cohort (0.42%). Forty-one cardiac disorders were reported in the vildagliptin cohort (0.14%) and 10 in comparator cohort (0.07%). Twenty-seven neoplasms were reported with vildagliptin (0.09%) and 25 with comparator (0.16%). Seventeen cases of hepatobiliary disorder (of which 10 were cholecystitis or cholelithiasis) were reported in the vildagliptin cohort (0.06%) and 5 in comparator cohort (0.03%). Forty-six (0.16%) and 30 deaths (0.20%) were reported in the vildagliptin and comparator cohort, respectively. Hypoglycaemia was reported by 72 patients (0.3%) in the vildagliptin cohort, with a total of 82 hypoglycaemic events, and by 180 patients (1.2%) in comparator cohort, with a total of 217 hypoglycaemic events. In the vildagliptin cohort, ten patients required third party assistance vs. 24 patients in comparator cohort.
Safety analysis
Overall, liver function test abnormalities were infrequent. With vildagliptin, 411 of 9508 evaluable patients (4.3%) had bilirubin above ULN vs. 190 of 4691 (4.1%) patients receiving comparator(s). Four of 9334 (0.0%) of evaluable patients in the vildagliptin cohort had ALT ≥ 3 9 ULN and bilirubin ≥ 2 9 ULN vs. none (0.0%) of 4620 evaluable patients in comparator cohort. These cases (three pancreatic cancers and one alcoholic intoxication) were adjudicated and none were suspected to be related to study drug.
Discussion
In recent years, pleas to perform real-life studies to complement data on efficacy and safety of new drugs gathered from RCTs, have become louder, but reports on large, real-life treatment studies remain scarce. A notable finding of EDGE was the confirmation of the global high prevalence of suboptimal glycaemic control in patients with T2DM in real life (mean baseline HbA 1c was 8.2%), despite the worldwide efforts to create awareness of the importance of good glycaemic control in prevention of diabetic complications (15) . Many factors may contribute to this suboptimal glucose control, like poor patient adherence to lifestyle modification advice or limited access to healthcare services or personnel, but also failure to monitor and intensify therapy may contribute. Indeed, it is unlikely that maximal doses of comparator OADs were always utilised, due at least in part to concern about potential side effects. Thus, the fact that vildagliptin does not need to be titrated may have contributed to its greater success.
Inadequate glycaemic control is present worldwide, but specific regions appear more problematic, such as India, Latin America and the Middle East. Increasing efforts will be needed to implement guidelines, since evidence that early, tight glycaemic control improves outcomes is overwhelming, as indicated by the long-term data from UKPDS (4) .
Once the second agent was added, more than half of all patients successfully reached the PEP (treatment response, i.e., decrease in HbA 1c > 0.3%, without peripheral oedema, hypoglycaemia, discontinuation because of GI side effects or ≥ 5% increase in body weight). This composite end-point was chosen on the basis of the balanced decisions that clinicians need to make when choosing a glucose-lowering agent, namely the combination of efficacy [as defined by regulatory agencies (9,10)] and most common side effects. This composite decision-making is also acknowledged by the recent ADA-EASD guidelines, where efficacy and side effects, emphasising hypoglycaemia and weight gain in particular, are suggested to weigh in on the decision on which drug to choose. In the present composite primary end-point, we included additionally the most common side effect of TZD drugs and metformin, namely peripheral oedema and GI side effects, respectively. When limiting to the side effects emphasized in the ADA-EASD guidelines, and a more clinically acceptable therapeutic target, the proportion of patients (with baseline HbA 1c ≥ 7%) reaching HbA 1c < 7% after 12 months without weight gain ≥ 3% or hypoglycaemia (SEP 3) was 35.1% with vildagliptin and 23.2% with comparator (adjusted OR = 1.96, 95% CI: 1.42,1.55; p < 0.001). Because non-evaluable patients were considered failures, the ORs likely underestimate effectiveness and tolerability of vildagliptin. This result is consistent with those from a post hoc analysis of RCTs of dual therapy with vildagliptin or glimepiride added to metformin, where the proportion of patients at target without hypoglycaemia or weight gain was 32.3% and 21.9% in vildagliptin and glimepiride group, respectively (16) . Furthermore, HbA 1c reduction with addition of vildagliptin to prior monotherapy (D = À1.19%) was similar to those seen in RCTs (17) (18) (19) (20) (21) in patients with comparable baseline HbA 1c levels.
A strength of EDGE is the large sample size, clearly indicating the enthusiasm and interest of both patients and healthcare professionals to be part of such an undertaking. Here, however, also lies an important weakness, as patients were not only recruited in specialised centres, by experienced clinical researchers but also by doctors working in routine care, not accustomed to filling in data reports or being monitored by clinical research associates. To ensure quality of the data, we monitored highrecruiting centres, applied automatic data checks at data entry and queried inconsistent data. However, selecting only experienced clinical research physicians would not have been representative of the overall physician population, but this choice itself also impacted the overall results. A total of 2046 patients had to be excluded because of poor quality data, with physicians refusing to respond to queries asked before the database lock. Importantly, this led to missing effectiveness data, with 25% of the 12 month unacceptable in an RCT, but it is in line with other real-life studies (22) , some of which report even higher percentages of missing data (23) . Underreporting also occurred for safety events, as suggested by the low overall AE rate. In typical RCTs, there is a systematic and proactive search for AEs, which are reported on dedicated forms. Generally, in a 1-year RCT, the prevalence of AEs exceeds 60% or 70%. In this study, the detection and reporting of AEs were based on the voluntary reporting scheme which is the most widely used method to identify AEs for new drugs in clinical practice (24) . One systematic review estimated that only 6% of all AEs are reported to the national spontaneous reporting system (25) . It could be argued that physicians are more likely to report more serious events, particularly if known relation to the drug or causality can be inferred. In this study, SAEs were overall balanced between the two cohorts. Slight imbalances were seen in the cardiac and neoplasm SAEs but it is difficult to draw conclusion with such small numbers of events, especially in the context of a non-randomised study. However, overall the present safety/tolerability findings are in line with RCTs of vildagliptin showing no safety signals related to cardio-or cerebrovascular, pancreatitis, hepatic, immune system or skinrelated disorders (26) (27) (28) .
A final major limitation is the open nature of the trial, allowing doctors to select any drug, again aimed at reflecting real life. Unfortunately, although great care was taken in communicating to the participating physicians that their choice should only be guided by their clinical judgment, and no incentive was offered to promote selection of any agent, an important imbalance in treatment arms was present, clearly favouring the novel drug of the sponsoring company (29,759 patients on vildagliptin vs. 16,078 patients on comparator drugs). However, this may not reflect physician drug selection, but represents the number of patients agreeing to have their data collected (i.e., to be followed more closely) and factors other than the desire to explore the potential of new drugs may have driven the choice, as indicated by the imbalance in BMI and race also observed between treatment cohorts. To take into account this potential bias, propensity scoring was used to adjust the odds ratio.
Real-life studies are deemed necessary to complement information retrieved with RCTs. Randomised trials and real-life studies both have limitations and should be seen as complementary (7) . It is important to understand the strengths and weaknesses of both approaches and trade-off between internal and external validity. The lack of randomisation, the choice of the investigators, the lack of a centralised laboratory, the lack of intensive monitoring-all characteristics applying to clinical practice-increase the generalisability and external validity of such studies, but at the expense of internal validity.
In conclusion, EDGE demonstrated in a real-life setting that T2DM patients in whom second-line oral glucose-lowering therapy is initiated, vildagliptin can succeed in lowering HbA 1c to < 7%, without weight gain, hypoglycaemia or peripheral oedema in a higher proportion than comparator OADs, with no differences in the reported number of AEs or SAEs. This information is consistent with data from RCTs with vildagliptin. Additionally, the EDGE study illustrates the strengths and limitations of real-world studies performed on a global scale.
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